In standardization, the selection of the most influential institutions in drafting standards of specific areas is essential for improving the structure of industrial standard system. However, this problem becomes highly complex due to the large number of drafters and their influences are difficult to measure. This paper presents a research framework for assessing the importance of drafters in standardization based on a two-layer network model formed by the citation relationship between standards and the co-authorship relationship between drafters. Firstly, multiple structural indicators are integrated by the AHP to evaluate the importance of standards. Secondly, the importance of drafters are assessed by designing multidimensional indicators and verified through the case study of China's mobile communication industry. The results show that our indicators can reflect the industrial leadership gained by the participation of standards-drafting. Finally, managerial recommendations are proposed for drafting standards.
I. INTRODUCTION
On the one hand, standards as a driving force for innovation have attracted the attention of many companies. On the other hand, enterprises have gained stronger competitiveness in their relevant business fields through drafting important standards. Therefore, how to measure the importance of enterprises in standards-drafting warrants further elucidation. However, quantitative indicators have been lacking to validate the relevance of companies' participation in standards-setting and enhancing their competitive advantages. Fortunately, the published standards contain valuable information including both citation relationship and drafters. Accordingly, we can measure the importance of standards by analyzing the citation relationship between standards, and use this as a foundation to assess the importance of drafters throughout the construction of the standards system. Combined with the empirical observation of the status of the drafters in the industry, we can judge whether a company has The associate editor coordinating the review of this manuscript and approving it for publication was Feiqi Deng . improved its competitiveness by participating in standardssetting.
The importance of a standard can be measured by its direct or indirect citation of other standards and the intermediate role. The direct citation can be simply measured by the number of standards that cite this standard, while the indirect citation may cover the standards in the entire standard system. The drafting of a given standard usually involves multiple drafters; such cooperation is the result of gaming, interaction and communication among them and therefore implicitly reflects the consensus on the interests of those drafters in a certain industry. The greater prevalence of drafting and co-authoring behaviors of a drafter suggests the greater likelihood of benefiting from standard setting, which in turn boosts its competitiveness. Notwithstanding the copious research into paper networks and patent network, standards-citation network and its drafter-cooperation network have been relatively unexplored.
Two challenges emerge in identifying core standards and measuring the impacts of drafters in standards-setting. Firstly, the standards system is a heterogeneous network composed of different nodes (standards and drafters) and edges.
Three types of relationships exist, they are, citation relationship between standards, drafting relationship between standards and drafters, and co-authoring relationship between drafters. We should analyze the characteristics of the standards and drafters based on the different types of elements and relationships in the standard system. Secondly, the importance of standards and drafters is reflected by multiple dimensions. For standards, the importance should be reflected by their roles in creating and transferring knowledge in the form of being cited directly or indirectly. For drafters, their contributions originate from the number and quality of the standards drafted by them. We can not evaluate the importance of standards and drafters based on a single attribute.
Due to the aforementioned challenges, it is relatively difficult to measure the importance of nodes with existing topological indicators. The rapid development of network science has provided a rich library of theories and methods for studying the above problems [1] - [8] . Therefore, this paper presents an analytical framework by developing a two-layered network model, which uses the AHP (Analytic Hierarchy Process) to identify important standards, and then assesses the importance of drafters by designing measurements.
The contributions of this paper are threefolds. Firstly, a general two-layer analytical framework for standard network is proposed, which can be used to measure the importance of enterprises through their participation in standardsdrafting. Secondly, in the framework, an evaluative system based on AHP to measure the importance of standards from multiple indicators is designed to determine the core standards in the standards system. Thirdly, based on the results on the importance of standards, a series of indicators are designed to measure the contribution of drafters. Fourthly, combined with empirical observation, it can be observed that the drafters actively participating in the standards-drafting have a higher market position in the industry, and the validity of the analytical framework is verified. Finally, some managerial suggestions are accordingly offered based on the analytical results, such as the cooperation between the enterprises and governmental agencies can improve the quality of standard systems.
The rest of the paper is organized as follows. Section 2 provides a literature review on citation networks, co-authoring networks, and entrepreneurial competitiveness. In Section 3, the analytical framework based on the two-layer standards network proposed in this paper is introduced. Section 4 takes the communication industry in China as a case study to verify the rationality of the analytical framework and related evaluative indicators, and Section 5 summarizes some managerial implications based on the analytical results. Finally, a summary of the entire paper is provided in Section 6.
II. LITERATURE REVIEW
This paper takes the two-layer network formed by the standard citation relationship and the drafter's co-authorship as the research object, aiming to identify the core standards, measure the competitiveness of the drafters, and verify the effectiveness of the analysis process with the standards system of China's mobile communication industry as a case. In particular, in the case study, we pay major attention on how the importance of drafters is related to enterprise competitiveness. The literature closely related to this research mainly involves citation and co-authoring network analysis, enterprise competitiveness evaluation and mobile communication standards. The following three areas are reviewed separately:
A. CITATION AND CO-AUTHORING NETWORK A citation network is a collection of documents and their citations in numerous forms such as papers, patents, and standards. Through the study of the structure and evolution of the citation network, the importance of academic research results can be effectively evaluated, the developmental direction of science and technology can be predicted, and the correlation between knowledge can be revealed. Early research on citations of papers was limited to simple indicators. For example, Garfield [9] originally suggested the use of paper citations to evaluate papers. In 1976, the Journal Citation Reports published by the American Institute for Scientific Information proposed the use of impact factors to evaluate the importance of journals [10] . Some scholars suggest that PageRank, an algorithm by Google to discern the importance of web pages, can be used to evaluate the importance of papers. With the development of the network analysis theory, some network structural indicators have been widely used to evaluate the importance of papers, including point centrality and intermediate centrality [7] , [11] , [12] .
Patents represent an important carrier of technology and a necessary source of information for technological innovation in enterprises. Evolutionary analysis of the structure and function of patent-citation networks is the basis of evaluation, selection, and prediction of patent technologies, among other activities. It also enables the study of knowledge transfer and diffusion between different technical organizations and technical fields [8] , [13] - [16] . Although patents are intertwined with corporate innovation, it is noteworthy that not all technologies are patented due to factors such as the corporate strategic decisions [17] - [21] .
Each document in the citation network belongs to one or more authors, and the citation relationship of the documents can be mapped to the co-authoring and cooperation relationships between the drafters, thereby forming a cooperation network. The application of network analysis in evaluating the status of scholars, academic groups, institutions, etc. in academia is significant for decision-making issues such as talent introduction and resource allocation. Price [22] published the first paper on the analysis of research network. Subsequently, research has been underway on the scientific and technological cooperation in different fields at the individual, institutional, and national levels [3] , [6] , [23] ; these disciplines include sociology, medicine, mathematics, intelligence and information science, and materials science. References [1] , [2] , [4] , [7] , [24] , [25] . In recent years, the study of interdisciplinary networks has received much scholarly attention [5] , [26] , [27] .
B. ANALYSIS OF ENTREPRENEURIAL COMPETITIVENESS
Entrepreneurial competitiveness is an abstract concept. Existing research mainly focuses on the impacts of different factors on entrepreneurial competitiveness, or comprehensively evaluates such competitiveness through the establishment of an indicator system. Numerous factors affect entrepreneurial competitiveness. In addition to retaining technological advantages [28] - [31] , some of the literature focuses on employment methods [32] , energy prices [33] , free trade agreements [34] , captive finance [35] , venture capital [36] . However, these studies have overlooked the role of standardization in enhancing entrepreneurial competitiveness. This paper argues that, similar to a co-authoring network, a company's competitiveness is closely related with its involvement in drafting important standards and the drafting of co-authoring relationships [7] .
C. STANDARDS OF MOBILE COMMUNICATION TECHNOLOGY
Kano [37] has used mobile communication as an example to study the relationship between technological innovation and standardization. The author believed that the role of standardization was mainly to synergize technical innovations into systematic innovations to create a new market. The author then compared not only the successive generations of the standards in mobile communication technology, but also the standardization of regional mobile communication systems in Europe, Japan, and the United States. In studying the standardization of the Korean mobile communication market from the social construction of technology, Jho [38] elucidated the relations between the participants in the 2G and 3G mobile communication technology standardization. Decisions in the technical standards of the communication industry, mainly determined by technological changes and market drivers. Vialle et al. [39] used the relevant concepts of standard economics to analyze the competition between China's 2G and 3G mobile communication technology standards, and to study the extent to which governmental policies could change the results of the path-dependent competition between standards. Gao [40] studied the key strategies of Datang, a Chinese enterprise, to promote TD-SCDMA, mainly to explain how technology latecomers could improve technical standards. The results show that, as a latecomer, Datang needed to develop new technologies and obtain support from stakeholders such as the government. Gao et al. [41] took TD-SCDMA as an example to study the impact of technology latecomers participating in the development of technical standards on multinational corporations.
In summary, despite rich findings on citation and co-authoring networks of patents and papers, the corresponding research into standards is still lacking. Additionally, in the existing research on entrepreneurial competitiveness, little attention has been paid on how the involvement in standards-drafting may boost competitiveness.
III. ANALYTICAL FRAMEWORK A. TWO-LAYER NETWORK MODEL
There are two types of elements within the standard network: standards and drafters, and there are three types of interactions: citation, drafting, and co-authoring. In order to identify important standards and evaluate the contribution of the drafters on constructing the standards system, this paper proposes an analytical framework based on a two-layer network model, as shown in the Figure 1 .
We first collect information on the standards and drafters from relevant sources, including citation-related information between standards and drafting-related information between standards and drafters. Then, the standards and drafters are coded, and the co-authoring-related information between the drafters is obtained by referring to the drafting information. Based on the set of nodes formed by the standards and drafters, and the set of edges that are formed by citation relationship, drafting relationship, and cooperation relationship, we can build a two-layer standards network. In the standards layer, we designed an AHP-based evaluation system that integrates multiple indicators that reflect the importance of the standards from different dimensions. Through this system, the core standards can be identified. Finally, we propose three indicators to evaluate the contributions of the drafters in drafting core standards in the construction of the standard system from different dimensions. Through these three indicators, the relevant drafters can be sorted; such sorting alongside with empirical observations enables us to measure the competitiveness of enterprises through their participation in standards-setting.
First, we need to build a two-layer network that describes the interaction between standards and drafters. The network consists of m standards and n drafters:
where N s = {s 1 , s 2 , . . . , s i , . . . s m |1 ≤ i ≤ m} represents the node set of standards; N q = q 1 , q 2 , . . . , q j , . . . q j |1 ≤ j ≤ m represents the node set of all drafters corresponding to N s ; E citation = s i , s j |1 ≤ i, j ≤ m, i = j represents the edge set of standard citation relationships, s i , s j represents standard s i citing the standard s j ; E drafting = s i , q j |1 ≤ i ≤ m, 1 ≤ j ≤ n represents the edge set of drafting relationships between standards and drafters, and q i , q j represents standard s i is developed by the drafter q j ; E cooperating = q i , q j |1 ≤ i, j ≤ n, i = j represents the set of cooperating relationships between drafters, and q i , q j indicates the presence of cooperating relationship between drafters q i and q j .
The inclusion of features in the three types of edge sets can be defined by adjacency matrices that describe the three types of relationships. The elements in E citation form a non-zero element in the adjacency matrix
where
The elements in E drafting form a non-zero element in the adjacency matrix
The elements in E cooperating form a non-zero element in the adjacency matrix
where o ij = 1, if drafter q i coauthored with drafter q j ; 0, otherwise.
Given the relevant data, the standard citation relation matrix, the drafter cooperation matrix, and the drafting relationship matrix between standards and drafters. can be calculated. Accordingly, a two-layer standard network model can be constructed, as shown in Figure 2 :
B. ANALYSIS OF THE OVERALL CHARACTERISTICS OF THE NETWORK
In order to understand the overall characteristics of the citation layer and the cooperation layer, we analyze the following indicators or characteristics:
(1) Node degree distribution The degree in the network refers to the number of edges associated with the node. High degree of a node translates into great influence of the node, in turn implying its greater influence on other nodes and its more favorable position in the network. Therefore, we use the node degree distribution to reflect the structural characteristics of the network. The degree of node distribution refers to the statistical distribution of nodes in the network to a certain degree. When this distribution obeys the power-law distribution, the network is said to be scale-free.
When the degree distribution of the standard citation layer obeys the power-law distribution, the standard citation network is scale-free. Correspondingly, when the degree distribution of the drafters cooperation layer obeys the power-law distribution, the drafters cooperation network is scale-free.
(2) Network density The network density refers to the degree of tightness between nodes in the network. It is expressed by the ratio of the number of edges owned by the network to the maximum number of possible edges. In the case of a fixed network size, a greater number of edges between nodes suggests greater network density.
When the density of the standard citation layer tends to 1, this indicates that the standards in the network are more closely related, the connectivity between the standards is better, the knowledge exchange between standards is more frequent, and the coordination is higher; when the density of the drafters cooperation layer tends to 1, this indicates that the drafters in the network are more closely linked, and the cooperation between the drafters is more frequent, and the coordination is higher.
(3) Average distance The average distance is the average value of the shortest path length between any two nodes in the network. The length of the average distance affects the speed and accuracy of the information transmission in this network.
When the average distance of the standard citation layer is shorter, citations to the standards in the network are more direct, and the efficiency and accuracy of information transmission are higher. Correspondingly, when the average distance of the drafter cooperation layer is shorter, cooperation between the drafters in the network are more direct.
(4) Clustering coefficient The clustering coefficient refers to the proportion of a node's neighbors that are also adjacent to each other. For a given network, the clustering coefficient represents the average of the clustering coefficients of all nodes, which reflects the closeness of the connection between adjacent nodes.
When the clustering coefficient of the standard citation layer is larger, the cited standards of a standard in the network are more closely related, and the connectivity between the standards is better. Correspondingly, when the clustering coefficient of the drafter cooperation layer is larger, the cooperation of the drafters in the network is more prominent: the drafters are more closely linked, and they tend to work directly with other drafters. When the network has a relatively short average distance and a relatively large clustering coefficient, then it is said to exhibit ''small-world network'' characteristics.
C. CORE STANDARD IDENTIFICATION
In order to identify the core standard in the standard citation layer, we select the following indicators that reflect the importance of the standards from different dimensions, and comprehensively appraise the overall importance of the standard through the AHP.
1) DEGREE CENTRALITY
The degree centrality is the number of nodes that have direct contact with the node, reflecting the position of the said node in the network. In an undirected network, it is expressed as the degree of the node; in a directed network, it is further divided into in-degree and out-degree.
The standard citation layer is a directed network, in which each node represents various standards. Therefore, the in-degree D in (s i ) of a standard s i denotes the total number of times the other standards cite the said standard. On the other hand, the out-degree D out (s i ) refers to the total number of times the standard s i refers to other standards, reflecting its closeness to other standards. D in (s i ) and D out (s i ) are defined by
and
where c ij ∈ C.
2) BETWEENNESS CENTRALITY
The betweenness centrality of a node is the ratio of the number of the shortest paths passing the current node to the total number of the shortest paths in the network. In the standard citation layer, a higher betweenness centrality of a standard indicates that the standard locates in the intermediary position of information transmission.
3) CLOSENESS CENTRALITY
The closeness centrality of a node is the reciprocal of the sum of the shortest path distance to other nodes. It reflects the extent to which the node is centered in the network. A greater closeness centrality of the node reflects its being more at the center of the network and its greater importance therein.
In the citation layer, the closeness centrality indicates the ease with which a standard reaches other standards through the network. A greater closeness centrality of a node suggests its stronger ability to influence other nodes through the network and its being more at the center therein.
4) EIGENVECTOR CENTRALITY
The eigenvector centrality is also one of the measures of node importance. The core idea is that not only is an important node connected to many other nodes, but also the nodes connected to it are likewise important nodes. The eigenvector centrality gives a relative score to each node in the network, as proportional to the sum of the eigenvector centrality of all the nodes connected to it. A higher the eigenvector centrality of a node implies the higher importance of this node. In the standard citation layer, the eigenvector centrality Eigen(s i ) of standard s i is determined by
where |N s | is the number of standards; λ is the eigenvalue of the citation adjacency matrix C; and c ij ∈ C is the element of the citation adjacency matrix.
5) PageRank
PageRank is an algorithm used by Google to appraise the importance of a web page based on the link relationship between web pages. The core idea is that when the Page A links to the Page B, B obtains the score that A contributes to it. The magnitude of the score depends on the importance of Page A itself, and the importance is accordingly sorted based on the score. In the standard citation layer, the PageRank value for each standard is determined by
where PR(s k ) is the PageRank value of the standard s k ; PR(s i ) is the PageRank value of the standard s i ; D out (s i ) is the out-degree of s i ; d is the model parameter, which is the probability that the node randomly links another node, usually taking d = 0.85; and p ij is the probability of moving from standard s i to standard s k . For a given standard, a higher score of the PageRank value reflects its greater importance in the standards system, and its higher contribution value of the associated standards. The above five indicators reflect the importance of the standards in different dimensions. In order to comprehensively evaluate the importance of each single standard in the entire standards system, we have constructed a standard importance-evaluation system based on AHP, as shown in Figure 3 . According to the sum of the index values I (s i ) of each standard, the core standards in the standards system are determined.
D. IMPORTANCE MEASUREMENTS OF DRAFTERS
In order to characterize the different behaviors of the drafters in the construction of the entire standards system, this paper proposes three measurements based on the drafters cooperation layer: contribution-degree, participation-degree, and coauthoring-degree.
1) CONTRIBUTION-DEGREE
In the drafters cooperation layer, the contribution-degree refers to the number of core standards developed by the drafter. A greater contribution-degree indicates the greater contribution of the drafter to the core standards. Here, we classify the core standards by I (s i ) in the top 20% as the core standard. Then the contribution-degree of drafter q i is defined as
where Con(q i ) is the contribution-degree of drafter q i ; and N s ⊆ N s is the set of core standards.
2) PARTICIPATION-DEGREE
In the drafters cooperation layer, the participation-degree refers to the number of all the standards developed by the given drafter, which is defined by
where P (q i ) is the participation-degree of drafter q i .
3) CO-AUTHORING-DEGREE
In the drafters cooperation layer, the co-authoring-degree refers to the number of drafters with whom the current drafter has cooperated.
where Coa(i) is the co-authoring-degree of drafter q i . When a drafter has jointly developed standards with a greater number of cooperative drafters, the drafter is deemed to have established a closer relationship with other drafters.
IV. CASE STUDY A. DATA COLLECTION AND PROCESSING
The data of this paper is collected from the China's Mobile Communication Standards System. The data collection spanned from July 2018 to September 2018. We collected a total of 1,250 national and industry standards for mobile communication networks. For the convenience of observation, the collected standards were numbered from S1 to S1250. We also collected 223 drafters and coded them from Q1 to Q223. Based on the citation and drafting information in the standards, we built the two-layer network diagram of the mobile communication standards system, as shown in Figure 4 :
B. ANALYSIS OF THE OVERALL CHARACTERISTICS OF THE NETWORK
The degree distributions of the mobile communication standard citation layer and the drafter cooperation layer are shown in Figure 5a and Figure 5b , respectively: S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19
S99 S100 S101 S102 S103 S104 S105 S106 S107 S108 S109 S110 S111 S112 S113 S114 S115 S116 S117 S118 S119 S120 S121 S122 S123 S124 S125 S126 S127 S128 S129 S130 S131 S132 S133 S134 S135 S136 S137 S138 S139 S140 S141 S142 S143 S144 S145 S146 S147 S148 S149 S150 S151 S152 S153 S154 S155 S156 S157 S158 S159 S160 S161 S162 S163 S164 S165 S166 S167 S168 S169 S170 S171 S172 S173 S174 S175 S176 S177 S178 S179 S180 S181 S182 S183 S184 S185 S186 S187 S188 S189 S190 S191 S192 S193 S194 S195 S196 S197 S198 S199 S200 S201 S202 S203 S999 S1000 S1001 S1002 S1003 S1004 S1005 S1006 S1007 S1008 S1009 S1010 S1011 S1012 S1013 S1014 S1015 S1016 S1017 S1018 S1019 S1020 S1021 S1022 S1023 S1024 S1025 S1026 S1027 S1028 S1029 S1030 S1031 S1032 S1033 S1034 S1035 S1036 S1037 S1038 S1039 S1040 S1041 S1042 S1043 S1044 S1045 S1046 S1047 S1048 S1049 S1050 S1051 S1052 S1053 S1054 S1055 S1056 S1057 S1058 S1059 S1060 S1061 S1062 S1063 S1064 S1065 S1066 S1067 S1068 S1069 S1070 S1071 S1072 S1073 S1074 S1075 S1076 S1077 S1078 S1079 S1080 S1081 S1082 S1083 S1084 S1085 S1086 S1087 S1088 S1089 S1090 S1091 S1092 S1093 S1094 S1095 S1096 S1097 S1098 S1099 S1100 S1101 S1102 S1103 S1104 S1105 S1106 S1107 S1108 S1109 S1110 S1111 S1112 S1113 S1114 S1115 S1116 S1117 S1118 S1119 S1120 S1121 S1122 S1123 S1124 S1125 S1126 S1127 S1128 S1129 S1130 S1131 S1132 S1133 S1134 S1135 S1136 S1137 S1138 S1139 S1140 S1141 S1142 S1143 S1144 S1145 S1146 S1147 S1148 S1149 S1150 S1151 S1152 S1153 S1154 S1155 S1156 S1157 S1158 S1159 S1160 S1161 S1162 S1163 S1164 S1165 S1166 S1167 S1168 S1169 S1170 S1171 S1172 S1173 S1174 S1175 S1176 S1177 S1178 S1179 S1180 S1181 S1182 S1183 S1184 S1185 S1186 S1187 S1188 S1189 S1190 S1191 S1192 S1193 S1194 S1195 S1196 S1197 S1198 S1199 S1200 S1201 S1202 S1203 S1204 S1205 S1206 S1207 S1208 S1209 S1210 S1211 S1212 S1213 S1214 S1215 S1216 S1217 S1218 S1219 S1220 S1221 S1222 S1223 S1224 S1225 S1226 S1227 S1228 S1229 S1230 S1231 S1232 S1233 S1234 S1235 S1236 S1237 S1238 S1239 S1240 S1241 S1242 S1243 S1244 S1245 S1246 S1247 S1248 S1249 S1250 Q1   Q10   Q100  Q108   Q115   Q12   Q125   Q13   Q131   Q134   Q139   Q14   Q142   Q149  Q151   Q159   Q16   Q166   Q17   Q170   Q171   Q18   Q183   Q184   Q186   Q19   Q192   Q194   Q196   Q197   Q199   Q20   Q200   Q201   Q207   Q21  Q22   Q224   Q23   Q232   Q239   Q24   Q243   Q25   Q254   Q257   Q264   Q27   Q286   Q288   Q29   Q293   Q294   Q297   Q298   Q299   Q3   Q30   Q300   Q301   Q302   Q303  Q304  Q305  Q306   Q307   Q308   Q309   Q31   Q313   Q314   Q315   Q316   Q317   Q318   Q319   Q32   Q320   Q321   Q322   Q323   Q324   Q325   Q326   Q327   Q33   Q334   Q34   Q35   Q36   Q367   Q368   Q37   Q376   Q38   Q381   Q386   Q396  Q397   Q398   Q4   Q424   Q43   Q434   Q443   Q446   Q455   Q458   Q460   Q5   Q50   Q504   Q505   Q506   Q507  Q508   Q509  Q510  Q511  Q512  Q513  Q514  Q515   Q516  Q518  Q519  Q520  Q521  Q522  Q523   Q524   Q525   Q526   Q543  Q544   Q545   Q55   Q551   Q552   Q553  Q554  Q555  Q556   Q557  Q558   Q559   Q56   Q560  Q561 Q562   Q563   Q564   Q565   Q566  Q567  Q568   Q569   Q570   Q571   Q572   Q573   Q574  Q575   Q576  Q577   Q578   Q579   Q58   Q580   Q581   Q582   Q583  Q584   Q585   Q586  Q587   Q588   Q589   Q59   Q590   Q591  Q592  Q593   Q594   Q595   Q596   Q597  Q598  Q599   Q60   Q600  Q601   Q61   Q62   Q63   Q64   Q65   Q66   Q67   Q68   Q69   Q7   Q72   Q75   Q79   Q8   Q82   Q84   Q85   Q86   Q87   Q88   Q89   Q9   Q90  Q91  Q92   Q93  Q94   Q95 The two layers are subjected to the power-law distribution, which indicates that they exhibit scale-free features. Other network indicators such as network density, average distance, and clustering coefficient are shown in Table 1 :
Some noteworthy findings can be found. Firstly, the standard citation layer of the mobile communication industry exhibits a high isolated nodes ratio, indicating that some standards are not integrated into the standards network. Secondly, the network density of standards citation layer is lower, indicating that the links between the standards are sparse. Thirdly, the average distance of the two layers is small, indicating that the transmission speed of information in the two layers is efficient. Fourthly, the clustering coefficient of standards citation layer is lower, indicating few connections between adjacent standards. Finally, with a short average distance and a low clustering coefficient, the standard citation layer do not exhibit small-world feature; on the contrast, the drafters cooperation layer exhibit small-world feature. 
C. ANALYSES OF CORE STANDARDS
First, we obtain the out-degree, in-degree, betweenness centrality, closeness centrality, eigenvector centrality, and PageRank value of each standard. Then make a standard 0-1 transformation for the each indicator value by:
where z ij is the value of the standard s i after the transformation of the j th indicator; x ij is the original value of the standard s i in the j th indicator; x max j is the maximum value of all standards under the j th indicator; and x min j is the minimum of all standards under the j th indicator. Some samples are shown in Table 2 : 
Finally we sort the standards according to I (s j ) in a descending order, and obtain the result as shown in Table 3 From the standard citation layer, we identified 250 core standards. Two standards are at the center of the network in the mobile communication industry standard citation network and are the core standards: S622, with the standard No. YD 1268. 
D. ANALYSES OF THE COMPETITIVENESS OF DRAFTERS 1) CONTRIBUTION-DEGREE
Based on the core standards identified above, the contributiondegree of all the drafters can be obtained, as shown in Table 4 : Table 4 shows that the Academy of Telecommunication Research of MIIT, ZTE and Huawei drafted the most of core standards. Table 5 shows that the Academy of Telecommunication Research of MIIT, ZTE Corporation and Huawei Technologies Company Ltd. are involved in the development of the most mobile communication industry standards, and placed more emphasis on standards-setting. Table 6 shows that the Academy of Telecommunication Research of MIIT, ZTE and Huawei have the largest number of cooperative drafters participating in the development of standards, and the links with other drafters in the network are closer.
2) PARTICIPATION-DEGREE

3) CO-AUTHORING-DEGREE
V. COMPUTATIONAL RESULTS AND MANAGERIAL RECOMMENDATIONS A. COMPUTATIONAL RESULTS
In the standard citation layer of the mobile communication industry, we found that 253 standards are not cited by other standards, accounting for 20.24% of the total number of standards. The standard citation layer has a scale-free feature without small world feature. The core standards in the network interact appreciably with other standards. Most of the core standards are related to mobile devices which indicates that the competition between drafters is mainly reflected in the terminal market.
In the drafters cooperation layer, we found that 16 drafters have no cooperation relationship with other drafters, accounting for 7.17% of the total number of drafters. These isolated drafters developed the standards individually because of the technology diversity. Moreover, the drafters cooperation layer has a scale-free feature and a small world feature. It indicates that few drafters obtain the competitive edge in standards-drafting. We found that some drafters have always been important participants in standards-drafting. Examples include the Academy of Telecommunication Research of MIIT, ZTE, Huawei, and Datang etc. These drafters have always assumed important positions in the market and are the cores of drafters cooperation layer. We also found that the government agencies and the enterprises are the main body to jointly develop the mobile communication industry standards.
B. MANAGERIAL RECOMMENDATIONS
From the degree distribution and core node analysis of the standard citation layer, we determine that the mobile communication industry standards network exhibits scale-free feature, and a few standards exert greater influence on the network. Therefore, we should pay more attention to these core standards, continuously improve the quality of core standards, and actively guide other relevant standards to cite the core standards.
Finally, we should pay attention to the drafters that actively participate in the construction of the standards system, understand their important role in developing standards, encourage these drafters to participate in formulating important standards. Moreover, the co-authoring-degree between the drafters exerts a positive impact on the participation and contribution of their standards-drafting. Therefore, we should strengthen the exchanges and cooperation between the drafters, especially between enterprises and governmental agencies, and increase communication with other related industries to foster a good atmosphere for knowledge exchange, which is conducive to the overall improvement of the quality of the entire mobile communication industry standards system.
VI. CONCLUSION
Given the rapid development in the mobile communication industry, 5G technology is also developing rapidly, and international manufacturers are vying for the dominant position in the related market. The citation relationship between standards reflects the association between knowledge, and the participation of drafters in standards-setting and cooperation between them reflect their positions in the market. On the other hand, in the existing research, the standard citation relationship has been rarely associated with the cooperation relationship between drafters. To elucidate the citation relationship between standards and the cooperation relationship between drafters, a competitiveness-evaluation framework for standard drafters based on two-layer networks was constructed. In the framework, the performance of standard citation layer and drafters cooperation layer are evaluated. Then, a core standards-identification method based on AHP is introduced to identify the key standard. Finally, some indicators are deliberately designed to quantitatively measure the contributions of drafters. To validate the effectiveness, we take China's mobile communication industry standards system as data source. In the case study, we find that both layers exhibit scale-free feature, and the drafters cooperation network exhibits small-world feature. Based on the empirical perspectives, this paper concludes that the core drafters are consistent with the status of the segment. Based on these conclusions, we suggest that more attention should be paid on the core standards and core drafters, the integration of isolated standards into the network, strengthening exchanges and cooperation between drafters, and encouraging drafters to participate in standards development.
In this paper, we assume that the drafter cooperation layer is an unweighted network. However, the drafters usually cooperate with each other many times in standard-drafting. It means that the drafter cooperation layer is a weighted network. The influence of the weights on the status of the drafters in the standard network is an interesting issue in the future research. Three indicators were designed to evaluate the importance of the drafters in different dimensions, but the mechanism between drafters' competitiveness and these indicators has not been studied, which deserves further research in the future.
